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PLATE 


GENERAL VIEW or THE Vacuum TANK 


A, A, windows: C, angle bracket: 2), ring on bottom of wall of tank: /:, 
induction coil; A, A, Kinney pump; O, opening for admitting air; P, Megavac 
pump; the Pirani gauge is on the tank at the centre of the picture. 
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PLATE Il 


View o- Base PLATE AND MIRROR SUSPENDED ABOVE IT 


A, opening for diffusion pump; B, for fore-pump; C, C, guides for placing 


and re-placing tank exactly in position. 


Astronomical Society of Canada, 1942 
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PLATE III 


UN DER-SURFACE OF Bask PLATE AND THE DIFFUSION 


al, lead-in for iced water; 2B, dryer for cooling the pump; ¢ 


mrual of the Royal Astronomical See-ety of Canada, 1942 


Pump 


C, copper fins. 
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ALUMINIZING TANK FOR THE DAVID DUNLAP 
OBSERVATORY 


(With Plates I, II, III) 
By R. K. YouNG 


HE observatory has recently completed a vacuum tank and has 
aluminized the 74-inch mirror. It is the purpose of this article 
to describe our experiences in this work in the hope that they may 
be of some service to others who contemplate building such an 
apparatus for their own needs. The whole process is well described 
in Dr. J. Strong’s book, Procedures in Experimental Physics. It was 
reading this book that inspired me with the idea of building a tank 
for the observatory. In addition, I am much indebted to Dr. Leo 
Goldberg of the Harvard College Observatory, and to Dr. Sydney 
Bateson of the Duplate Glass Company of Oshawa, Ontario. 
Dr. Hogg, my colleague here, and Mr. Longworth, our machinist, 
have shared equally with myself in the design of the various parts. 
The principle of the method is very simple. The mirror to be 
coated is cleaned and placed in a clean tank which is made air-tight 
and the air then evacuated to a low pressure. A suitable source of 
aluminum is then heated until it evaporates and deposits on the 
glass surface. The difficulties of the procedure lie in getting the 
tank sufficiently tight and clean and in obtaining the required 
vacuum which must be low. In the case of the 74-inch mirror, 
there is also the purely mechanical difficulty of handling such a 
large piece of glass safely and conveniently. 

The theory and practice of the method demand that the mole- 
cules of aluminum leaving the evaporating source shall pass to the 
mirror surface without encountering any gas molecules. At atmos- 
pheric pressure the molecules in the air have an extremely short 
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path between collisions, being on the average of the order of 10~°cm. 
As the pressure is reduced this distance increases but even at 1 mm. 
it has the very small value of 10-*cm. Ata pressure of 10~’mm. of 
mercury the mean free path for the gas nitrogen is 6.5 cms. and this 
pressure might serve for very small tanks. Ata pressure of 10~‘mm. 
the mean free path is 65 cms. Such a pressure is satisfactorily low 
for a tank up to two or three feet in diameter. At a pressure of 
10-*mm. the mean free path is 6.5 metres. A pressure between 10~ 
and 10-*mm. of mercury should be satisfactory for the tank large 
enough to accommodate the 74-inch mirror. The difficulties in- 
crease in three ways as the size of the chamber is increased. First, 
it is harder to construct a large tank absolutely tight; second, the 
volume to be evacuated is larger; third, the degree of vacuum has 
to be considerably higher in a large tank than in a small one. 

A general view of the tank is shown in plate I. It was constructed 
by the Dominion Bridge Company of Toronto. It consists of an 
upper tubular section resting on a lower face-plate, the two being 
joined by an air-tight seal. The upper part is constructed from 
3/8-inch boiler plate. It is 84 inches in diameter and 48 inches high 
to the weld where the curved top is joined. This upper curved part 
rises 16 inches more, so that the overall height is 64 inches. The 
lifting bracket is welded on the top. There is one weld where the 
wall of the tank joins itself and another long circular weld where 
the cupula is joined to the wall. At the bottom of the wall is a 
ring D three inches wide and one inch thick welded on and re- 
inforced with small solid angle brackets, C. The bottom of the 
ring is turned smooth and truly circular. 

Forty-six holes had to be drilled through the tank. Thirty-six 
of these, one of which is marked at F, lead in the 36 terminals for 
the coils that evaporate the aluminum. Each of these terminals is 
insulated from the tank, and their manner of construction is shown 
in figure 1. The terminals consist of brass rods 3/8 of an inch in 
diameter and 3 inches long. A brass flange 1 inch in diameter is 
soldered on 1 inch from the bottom and the remainder of the rod 
turned down to 1/4 inch. A small bakelite cylinder insulates the 
rod from the tank and a retaining nut tightens down to compress a 
rubber gasket between the brass flange and the wall of the tank. 
A second brass post is grounded to the tank about 3 inches from 
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the first. A coil of tungsten wire is stretched between the two 
posts, and the aluminum to be evaporated is hung in small loops 
on the tungsten coil. V-shaped slots are milled in the ends of the 
two posts and the tungsten coil is shaped so that the ends lie in 
these slots without strain. The flat brass pieces tighten down to 
make good electric contact between the posts and the wire. The 
spiral of tungsten wire consists of 4 strands of 0.014-inch wire 
twisted together and then coiled into a spiral of 5 turns 3/8 of an 
inch in diameter, the spacing of the coils being about 3/8 of an 
inch. 


U 


Fig. 1—Showing the construction of one set of the 36 terminals holding the 
tungsten coils on which are hung the pieces of aluminum wire to be evaporated. 
(Horizontal section). 


The method of making and winding these coils was as follows. 
First, two tools were made. A piece of brass rod 1 inch long and 
1/2 inch in diameter had 4 holes 1/16 inch in diameter drilled 
through the centre at the corners of a square 1/8 inch on the side. 
Second, a 5/16-inch brass rod was threaded with a square thread 
1/32 inch deep, 4 threads to the inch. When these had been made 
the tungsten wire was cut, 3 pieces 8} inches long and one piece 
10 inches long. These were placed together with 3/4 of an inch of 
the long wire projecting at each end. One end of the 4 wires was 
then clamped in a vice. The piece of brass with the 4 holes in it 
was threaded over the wires and twisted, being backed away as the 
tungsten coil formed. When the twisting was complete to the end, 
the wire was unclamped from the vice and the projecting ends coiled 
back on the other 3 for the space of about 1/4 of an inch. The 
twisted wire was then wrapped on the threaded 5/16-inch rod to 


4 
> 


+ R. K. Young 


form it into a spiral. Care has to be taken in fitting these coils to 
the brass posts because when once heated they become very brittle 
and are liable to break. If they are not disturbed they will last for 
6 or more firings. The small aluminum loops are made from 1/16- 
inch aluminum wire and hung over the tungsten coil. They have a 
tendency to fall off. We believe that some workers have followed 
the custom of pinching the ends of the loops together. We tried this 
at first but broke several of the brittle tungsten coils and then 
employed the expedient of heating the loops with a small acetylene 
flame till they were bright red. For some reason this causes the 
ends to pull together on cooling. This treatment also serves the 
purpose of burning off any grease or contamination left on the wires 
in the course of assembly. We have found it advisable to shield the 
walls of the tank and the rubber gasket from the direct rays from 
the molten aluminum by fastening a small metal baffle to the 
grounded post. It consists of a strip of tin about 2 inches wide 
and 4 inches long. A hole 1 inch in diameter is cut near one end to 
pass the ungrounded binding post. 

In addition to the 36 holes for the binding posts, there are six 
viewing windows, two of which are shown at A,A. Theirconstruction 
will be easily understood from figure 2. A piece of 2-inch seamless 
steel tubing was welded into the tank and a flange on the other end 
was covered with a circular plate glass window. The window was 
waxed in place by Apiezon wax W.! The six windows are placed 60° 
apart and through each the edge of the mirror in the tank may be 
seen. The field of view embraces about 7 or 8 of the evaporating 
coils. 

Another of the openings is shown at Oin plate I. This isa short 
piece of 1/8-inch seamless steel tubing welded into the tank. A 
short piece of vacuum hose with a pinch-clamp makes this a very 
convenient means of letting air into the tank when desired. A sim- 
ilar opening 180 degrees from O, and not shown in any of the plates, 
allowed a discharge tube to be attached to the tank. The tube was 
about 8 inches long and 1 inch in diameter and the discharge was 
obtained from a small induction coil capable of giving a 2-inch spark 
in air. The character of the discharge in this tube indicated the 


1Apiezon wax W is a low vapour pressure wax and may be obtained from the 
J. G. Biddle Company, Philadelphia, Pa., U.S.A. 
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degree of vacuum. The appearance of a tube of this kind at various 
pressures depends somewhat on the voltage applied and the dimen- 
sions of the tube, but when it has been graduated for the particular 
conditions under which it is being used it gives fairly consistent 
results. We graduated the tube by means of the Pirani* gauge, 
shown approximately at the middle of the picture but not bearing 
a letter. Both these gauges fail to register the pressure satis- 
factorily below 10~‘mm. We had hoped to be able to attach an 
ionization gauge, but owing to the war and other conditions we have 
been unable to secure this. Finally at 180° from this opening an 


Fig. 2.—Horizontal section of a window. The glass is waxed on one end 
of the tube, the other end being fused into the tank. 


insulated terminal was led into the tank for the purpose of bom- 
barding the walls of the tank and the surface of the mirror with a 
cathodic discharge. 

The base plate of the tank consists primarily of boiler plate 
5/8 inch in thickness and 90} inches in diameter. It is best seen in 
plate II. Around its outside edge is welded a cold-rolled rim of 
steel 3X1 inches. The form of this ring and the method of seal is 
illustrated in figure 3. It can be seen that the inside corner of the 
bottom of the tank squeezes down on to a lead gasket, shown at A 


in figure 3. This gasket is made from 5/32-inch lead wire. The - 


pressure on the tank when the air is removed is about 46 tons and 
this compresses the wire into a small right-angled channel. The 
tank is guided into place by inside and outside guides shown at C, C 

?The Pirani gauge depends for its operation on the thermal conductance of the 


gas. Such a gauge already graduated in mm. of mercury may be obtained from 
the Distillation Products, Inc., Rochester, N.Y., U.S.A. 
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in plate II. The two rings, one on the tank above and the other on 
the base plate, come together on this lead seal and also compress a 
rubber gasket, shown at B in figure 3. Thus there is a small fore- 
chamber outside the lead seal. There is an opening into this and a 
Megavac pump (P, pl. I) is attached to keep the pressure down to 
0.01 mm. of mercury. We have found that without the fore- 
vacuum the lead wire gives almost if not absolutely a perfect seal, 


Fig. 3.—Showing details of steel ring fused on base plate, with lower edge 
of tank resting on it, on lead gasket .4 and rubber gasket B. 


so that when a leak is taking place between the reduced pressure 
in the fore-vacuum and the tank proper the leak must be very 
small indeed. 

The 5/8-inch plate is very strongly reinforced on the back. Two 
rims 7 inches wide and 1/2 inch thick are welded on, one of 8 inches 
diameter, the other of 87. Between these rims, 12 I-beams, 7X3 
inches, are welded to the tank and to the rims. These beams may 
be seen in the upper part of plate III. Sturdy as they appear, tests 
show that under vacuum the bottom of the tank lifts at the centre 
nearly 1/32 of an inch, but apparently without injury to any of the 
welds or without deformation of the vacuum ring-seal above. The 
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whole bottom section rests on 3 legs built up from structural steel 
so that the face of the bottom section is 40 inches from the floor. 

In plate II, two openings are shown in the base plate of the tank; 
A, for the diffusion pump and B, for the fore-pump. The former 
of these we obtained from Distillation Products, Inc., Rochester, 
N.Y. It is their 4-inch glass-metal pump and has a rated capacity 
of 230 litres per second. We used it with Amoil-S oil. It can be 
seen in plate III. The fore-pump was obtained from the Kinney 
Manufacturing Company, Boston, Mass., and has a rated capacity 
of 40 cu. ft. per min. and will produce a vacuum of 0.01 mm. of 
mercury or less. The manner in which these pumps were installed 
is shown diagrammatically in figure 4. A is a 12-inch length of 
seamless steel tubing with a welded joint into the floor of the tank. 
It is in two sections, the lower section being joined to the upper by 
the union at B. This union consists of two turned flanges. These 
are held together by 6 bolts with a rubber gasket between. The glass- 
metal diffusion pump D is fastened to A by a butt-joint, being wrap- 
ped with vacuum rubber tape shellacked. At the discharge side of 
the diffusion pump a similar butt-joint attaches it to the galvanized 
water pipe C, 1} inches in diameter. V,and V2 are Kinney vacuum 
valves so that the Kinney pump K can be made to operate through 
the tube P or, if the valve V2 is closed and V; open, through the dif- 
fusion pump. The connections of C, Vi, V2, P were all made by 
heating the pipe and threading together with hot Apiezon wax. The 
upper portion of the tube P was fine-threaded in the lathe and two 
nuts made to fit snugly. The seal to the tank at this point depends 
on a rubber gasket between the floor of the tank and the upper nut. 
The portion of the tube H consists of 6 inches of automobile radiator 
hose, coated several times on the outside with glyptal varnish. In 
this way the Kinney pump is not rigidly attached to the tank and 
all vibrations are avoided on the joints connecting the rest of the 
apparatus to the vacuum system. 

The tank and base plate were received from the Dominion Bridge 
Company with all the welded joints completed and the whole cov- 
ered with an anti-rust grease. The work of making all the connec- 
tions and installing the pumps was performed at the observatory. 
The grease was washed off with coal oil and alcohol. The inside of 
the tank was covered with Apiezon wax W. This was applied by 
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heating the outside of the tank with a powerful gasoline torch until 
the wax could be applied smoking hot on the inside. The same 
treatment was given the upper side of the base plate. The outside 
of the tank and the underside of the base plate were given several 
coats of glyptal lacquer. The connections as shown in figure 4 were 
then made and all joints painted several times with the same lacquer. 
In installing the diffusion pump a baffle was placed in the tube A to 
prevent oil from the diffusion pump finding its way back into the 
system. The type of baffle used is described by R. S. Morse in 


Fig. 4—Diagram showing the manner of installing the vacuum pumps. 


Review of Scientific Instruments, v. 11, p. 279, 1940, and called a 
conical baffle. It operates by condensing the vapours before they 
can reach the tank and to do this it must be kept cooled to a tem- 
perature several degrees below room temperature. To effect this, 
the baffle, which was made of aluminum, was in intimate contact 
with the walls of the tube A, and the tube A itself wrapped on the 
outside with a number of turns of copper tubing through which iced 
water was kept flowing while the diffusion pump was in operation. 
The lead-in for these coils may be seen in plate III at A. The walls 
of the diffusion pump should also be cooled when the pump is oper- 
ating, and this was effected by wrapping the glass with copper fins 
shown at C, C in plate III and directing a blast of air on them from 
the dryer B. 
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It may be of some interest to describe our experiences with the 
preliminary tests and in leak-hunting. In this matter it is very 
convenient to have the valves installed in the system shown at V; 
and V2 in figure 4. This permits the whole apparatus to be closed 
and allowed to stand. Leaks may be described as of two kinds, 
real and virtual. By areal leak we mean some place where air from 
the outside is finding its way into the tank. It may be through 
some of the joints or by the porosity of the material. Even if no 
leak of this kind is present, contamination inside the tank may con- 
tinue to give off gas when the pressure is low, and thus simulate a 
small leak. Such a leak is spoken of as a virtual leak. 

Testing for the real leaks is best done with the Kinney pump. 
The tank is closed and pressure taken down. After a time a pres- 
sure will be reached where continued pumping will effect no further 
reduction. 

It can readily be shown that the ultimate vacuum obtainable by 
any perfect pump is given by 

P= 
S 
where P is the pressure in mm. of mercury, L the rate of leak in 
cubic feet per minute at a pressure of 1 mm. and S the pumping 
speed in cubic feet per minute. Another formula for the leak is 
given by 
_ APV 

Here L is the rate of leak in cubic feet per minute at 1 mm. pressure, 
AP the change in pressure in mm. in the time T expressed in min- 
utes, and V is the volume of the tank in cubic feet. Still another 
formula which is of service gives the time it should take the pump 
to reach any given pressure if no leak is present, 


log P = — = + log 760. 


L 


The units in this formula are the same as in the other two. 

We found a good way to proceed was to pump down as low as 
the Kinney pump would go in an hour, then close all valves and 
note the rate of leak. When no real leaks are present the pressure 
will rise to a millimetre or so in the course of a day or two and then 
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stay practically constant for weeks on end. If a real leak of any 
magnitude is present the pressure will continue to climb at a steady 
rate. The only thing to do is to go over suspected joints and either 
make new seals if the leak is fairly large or paint with glyptal if the 
indicated leak is small. When an offending joint has been found it 
will be manifested in two ways. First, the ultimate vacuum will be 
better when the leak has been stopped and, second, the rate over 
long periods will be slower. If the pressure obtainable indicates that 
a large leak is present, it is possible to detect it by covering various 
joints with a cloth well wet with alcohol. The vapour passing into 
the tank will alter the discharge from its usual pinkish character to 
a grayish white. Cases have been found where relatively large areas 
of the metal in a tank are porous. We have had no evidence that 
such is the case in our tank,—at least there was no porosity that was 
not taken care of by repeated paintings with glyptal. 

Virtual leaks can be stopped only by getting everything within 
the tank as clean as possible and exposing no substance there which 
has an appreciable vapour pressure. Our experience indicates that 
bombardment with a cathodic discharge is of considerable value. 
When the diffusion pump has been running and the pressure taken 
down to 10~*mm. a discharge for 10 or 15 minutes from a 15,000- 
volt transformer would cause the pressure to rise one or two thou- 
sandths. On stopping the bombardment the pressure would fall 
again in a few minutes to a somewhat lower value and repeated 
bombardments lowered the ultimate vacuum obtainable. At 
10~‘mm. it is difficult to get any discharge whatever to pass. 

When the tank seemed to be sufficiently tight to enable us to 
reach pressures at the limit of the indication on the Pirani gauge 
and the discharge tube, several trials were made with pieces of glass 
exposed in the tank. Starting at atmospheric pressure it takes 
about 30 minutes to bring the pressure down to 0.5 mm., where the 
Pirani gauge first registers satisfactorily; another 30 minutes brings 
the pressure down to about 0.025 mm., which with the oil used in 
the Kinney seemed to be about the limit obtainable. At this pres- 
sure the heat on the diffusion pump can be turned on, and after 
about 10 minutes it will take hold and the pressure sink rapidly to 
about 10-*mm. It may take a considerable time after this to reach 
10~*, depending on the state of cleanliness in the tank. 
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In making the trials we used 5 half-inch loops of aluminum on 
each coil making a total length of seven and one-half feet of alum- 
inum wire evaporated. The current for heating the tungsten wire 
was supplied from a low-tension transformer giving voltages 2, 4, 6, 
7, 8, 9, 10, 11 volts and capable of delivering 100 amperes. For the 
particular coils used we employed the 11-volt terminal and this 
passed about 50 amperes. There is no particular difficulty in telling 
how long to continue the current. When the current is first turned 
on the ammeter registers an initial current of about 40 amperes. 
After about 7 or 8 seconds the current will be observed to rise rather 
quickly to 50 amperes. This takes place when the aluminum loops 
melt and run along the tungsten wire thus lowering its resistance. 
In a few more seconds the current will drop back and the current 
should be shut off just before it reaches the initial value. If one is 
watching the process through the viewing windows, one will see the 
intensely hot tungsten wire and observe the melting of the loops. 
As the aluminum evaporates, the wire begins to get bright, and 
when the current is shut off the wire is growing brighter rapidly. 
When one has fired a few wires one can tell from the ammeter 
exactly what is happening and there really is little occasion for 
having any viewing windows whatever. The whole time for firing 
a single coil varied from about 17 to 20 seconds. 

In the run when we tried the 74-inch mirror there was, of course, 
the mechanical difficulty of handling such a large and valuable piece 
of glass. However, as every observatory will have special condi- 
tions, and therefore will have to manage this in accordance with 
those conditions, there seems no purpose in describing the problems 
presented here. 

The problem of cleaning the mirror was probably the hardest to 
solve. Tests on small pieces seem to indicate that swabbing with 
strong nitric acid and distilled water is sufficient. In the case of the 
large mirror it was next to impossible to get it clean and keep it clean 
up to the moment when the tank was lowered over it on the base 
plate prior to pumping the air out. 

The mirror was coated on November 7 and put back on the tele- 
scope on the 8th. The aluminum coat divides the exposures we were 
accustomed to give in half. The coat does not look very much 
brighter than a silver coat, but at \4000 it is fully twice as fast as the 
silver coats we have been obtaining. 
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It may be of some interest and value to present the cost of the 
various items listed. Of course, these prices could probably not be 
obtained at the present time. 


Item Firm Cost 
1 induction coil, No. 79800. Central Scientific Co., Toronto.... $ 11.10 
500 ft. of tungsten wire.... 37.20 
300 ft. of tungsten wire. ...Can. Gen. Electric Co., Toronto.... 21.26 
2 qts. black glyptal varnish. Central Scientific Co., Toronto... . 4.80 
1 Ib. aluminum wire....... 2.05 
1 Megavac pump......... 178.00 
Kinney vacuum pump, VSD 

Kinney Manufac. Co., Boston...... 439.92 
2 14” vacuum valves...... 41.60 
1 glass-metal diff. pump... . Distillation Products Inc., Rochester 122.50 
1000 grams Amoil-S....... 24.00 

1 gear travelling chain hoist. Herbert Morris Crane & Hoist Co., 
Niagara Falls, Ont............ 176.47 
1 vacuum chamber........ Dominion Bridge Co., Toronto..... 864.00 
20 Ibs. Apiezon wax....... James G. Biddle Co., Philadelphia... 48.46 

1 discharge tube.......... Physics Department, University of 
%, 1 high-tension transformer .Ferranti Electric Ltd., Toronto.... 68.00 
Copper tubing 3/8-inch....Aikenhead Hardware Ltd., Toronto. 1.00 
ee Canada Metal Co., Torento....... 2.16 
3 pieces 4-inch I-beam..... Leno & Son, Richmond Hill. ...... 3.00 
$2335.65 


ADDITIONAL ITEMS 


r Digging and cementing pit.Grant Contracting Co., Toronto.... 100.00 

4 Erecting travelling beam and 
hoist................Smillie Steel Products Co., Toronto. 65.00 
: Erecting vacuum chamber . Dominion Bridge Co., Toronto..... 75.08 
$240.08 


a $2575.73 
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PURE AND APPLIED SCIENCE* 


By Srr RICHARD GREGORY, Bart 


T all times, Nature has created wonder in the human mind 

as well as the desire to use and understand the proximate or 
ultimate cause of what is perceived by the senses. Knowledge of 
natural properties and effects was first acquired to supply needs 
of the body, and their interpretation as influences of spirits in the 
empyrean had mystery as its basis. The separation of the study 
of Nature from that of personal deities may be said to have begun 
with the Greeks. In the sixth century before the Christian era, 
Thales, Xenophanes and Pythagoras first opened up those veins 
of speculative philosophy which occupied afterwards so large a 
part of Greek intellectual energy. It is in their philosophies that 
the idea of an impersonal Nature was considered as a subject of 
study apart from mythical conceptions. They defined the scope 
of natural philosophy with its objective character and invariable 
laws, discoverable by the exercise of human intellect, and they 
first used the word phusis, signifying Nature, and surviving in the 
words physics, physiology, physiography, and similar derivatives, 
to distinguish such studies from theology. 

When early Greek philosophers began to speculate upon the 
nature of the universe and the meaning of life they introduced the 
spirit of liberty of thought in inquiring into all things—sacred, 
social or political—independent of authority, and thus established 
the principle of intellectual freedom essential for the advance of 
science, art, literature, or any other aspect of civilized culture. 
Many of their speculations were crude in the light of modern 
knowledge, but they all represented attempts to apply reason to 
the problems presented to human senses, and some have proved 
to be of fundamental significance. The particular contributions 
of the Greeks were not in the technical arts and crafts, or in know- 
ledge gained by observation and experiment, but in generalized 
thinking about universals. Their characteristic was creative 

*A portion of the Hinchley Memorial Lecture, on ‘‘Scientific Knowledge and 


Action,”’ delivered by Sir Richard Gregory before the Institute of Chemical 
Engineers on October 24, 1941. Printed in Nature, November 22, 1941. 
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thought and theory on intellectual planes as far removed from 
needs of the body as mind is apart from matter. They used know- 
ledge of natural properties and processes, acquired by observers 
and craftsmen before the classical period, not as useful applications 
of science but to construct philosophic systems which were logically 
sound and therefore required no other proof. It was believed that 
truth in Nature could be revealed by abstract thought, without 
the slow and laborious process of learning by experience what 
things or circumstances in earth or sky could be applied to useful 
human service. Passive contemplation has an appearance of 
dignity not usually associated with the active exercise of either 
hands or brain. 

When manual work of any kind began to be regarded as a 
menial occupation, and meditation became the characteristic of a 
higher social class, a distinction was created between useful know- 
ledge and academic or philosophic thought. Pure science has thus 
come to mean natural knowledge for itself alone, and studies 
without particular useful purposes in mind. Similarly a pure 
chemist is said to be one whose active interests are confined to 
chemistry, while a pure biologist has physical life as his field of 
study. The word ‘‘pure’’ used in this sense is objectionable for 
several reasons. Chemistry and biology, like other sciences, cannot 
be sharply separated from the main body of natural knowledge, 
but often merge into one another and lead to new productive 
branches, so that pure bio-chemists come into being, and members 
of the families of physics and chemistry, long separated by verbal 
distinctions, unite to produce a fertile line of physical chemists. 

In general, however, it may be said that the main distinction 
between pure and applied science arises from exclusive attention 
to theory and practice, respectively. Applied science is concerned 
with theory only as a generalization of principle which relates 
natural causes to consequences and enables new effects to be 
predicted. It is based upon observation, and its aim is the pro- 
duction of new agents or powers for the service of man. In most 
scientific societies, the passport to publication in their records is 
obtained by observational inquiry of a practical kind or original 
conceptions suggested by them. In their pursuit of natural know- 
ledge by methods of observation and experiment, independent 
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adventurers and practical prospectors meet on common ground, 
whether the purpose of inquiry is knowledge itself or its application. 


Theory and practice are complementary factors of service, each 
being used to reconstruct the other by relating effect to cause. 
This is the method of Bacon's inductive philosophy; and the 
achievements of modern science are due to its application. It is 
possible, however, to arrive at generalizations about the nature of 
things and the structure of the universe by theoretical reasoning 
independently, or largely so, of observational or experimental 
evidence. With a few great exceptions, this was the method of 
approach of classical Greek philosophers towards problems of 
Nature; and it takes an important place in the history of science. 
They gave little consideration to the practical or useful services 
of science represented by chemistry, mechanics and engineering, 
but they take a supreme place by their philosophic and mathe- 
matical contributions. 


Our senses determine the range of objective phenomena, but 
creative thought has no such limitations. It is the source of the 
greatest human achievements, whether expressed in music and 
poetry or in scientific discovery and invention. Its exercise is 
determined not by what is known but by what is unknown; and 
whether a pursuit is worth while must be measured by originality 
of intention and result rather than by direct intellectual or practical 
service. Here, then, is the common standard by which all scientific 
inquiries, and all expressions of human feelings, may be judged. 
It makes no distinction between pure and applied science, so long 
as the object is increase of knowledge and the endeavour is the 
discovery of truth. 

When this is borne in mind, the pursuit of knowledge for its 
own sake becomes just as estimable an occupation as that in which 
the purpose is use or action. It is generally acknowledged that 
inquiries undertaken to solve purely scientific problems, and without 
thought of their proximate or ultimate usefulness, have been the 
starting points of most of the great achievements of modern science; 
but such problems need not be excluded in planning scientific work 
for the benefit of the community. Science has transformed so 
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many aspects of modern civilization that structures of society 
designed in earlier times have been shaken to their foundations 
by it. Its sources and resources, if they are wisely used, give 
almost unlimited powers to construct a world in which life can be 
made worth living to all peoples of the earth. 

Systems of planning with these objects in view have to provide 
not only for the full use of existing knowledge but also for efficient 
means of extending it. Most scientific inquiries are best advanced 
when groups of workers concentrate attention upon them, whether 
intellectual interest or industrial application is the motive. It is, 
however, as impossible as it is undesirable to attempt to limit 
creative thought to a particular pattern, or to apply the criterion 
of usefulness to its exercise. This is as true of science as it is of 
other activities in which hand and brain combine to express them- 
selves in new products. Men of science, like musical composers 
and other artists, may follow their occupations as a means of living, 
but their most original achievements are those which depend for 
their expression upon inborn light rather than external influences. 
In every walk in life, both interest and pleasure are required for 
contented effart, but they are not always to be hired in the market 
place. They are at their best when they are exercised in perfect 
freedom, whether in craftsmanship or in the expression of human 
consciousness. 
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A YOKE MOUNTING FOR THE SIX-INCH TELESCOPE 


By H. Boyp BryDON 


“Is there anything whereof it may be said, ‘See, this is 
new’? It hath been known already of old time.” 
The Preacher 
HILE the amateur has done good work on the optical parts 
of his telescope he has been less successful with its mounting. 
In the last few years there has been improvement in this respect 
but the need of a thoroughly satisfactory, yet inexpensive, mounting 
for the small telescope is still very general. 

To be “‘satisfactory’’ a mounting at the least must meet the 
requirements of the occasional observer who, although his oppor- 
tunities for observing are infrequent, yet wants to make the most 
of them, that his work shall be a definite contribution, however 
small, to astronomical knowledge. These requirements are: an 
equatorial mounting, stable in use, having circles for setting, 
capable of being mechanically driven, easily transported and—-of 
low cost. 

Towards this end a series of articles on telescope mountings 
appeared in this JOURNAL during 1936-7.!_ For various reasons, 
however, such as the amount of metal work involved, the use of 
a worm drive, insufficient portability, none of the designs was in 
all respects satisfactory. The excellent mounting due to A. H. 
Young? reduced the metal work needed and greatly increased 
portability. The development of the clock-controlled gravity drive 
and its hand-operated brother,* in which a flexible wire drive 
replaces the worm gear, relieved the drive situation. Still the 
matter of a satisfactory mounting hung fire. Recently at the 
suggestion of the President of Victoria Centre, Dr. R. M. Petrie, 
the problem was tackled anew. 

Looking through various notes and sketches, the words of 
C. Jorgensen of Vancouver, ‘“‘Mountings that can be made with 
saw and hammer are what the amateur needs,” suggested a solution. 
The yoke mounting here described is the result. It is more compact 

Telescope Mountings for Amateur Builders’. This JOURNAL, vol. 30, p. 
377; vol. 31, p. 4 ff. 

2This JOURNAL, vol. 33, p. 185. 8This JOURNAL, vol. 33, pp. 5, 379. 
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A Yoke Mounting for the Six-inch Telescope 19 


and is lighter than an equivalent ‘““German’’ mounting, as the 
projecting counterpoise for the telescope is not needed. 

The mounting has been proportioned on the basis that the 
declination axis is not more than 15 inches from the back of the 
mirror cell. If necessary, balance in declination can be obtained 
within this distance by weighting the mirror end of the tube. 

The telescope can reach in declination from about 83° below 
the pole through the zenith to about 14° above the horizon, and 
in right ascension through an arc of about 14 hours. 

The mounting is provided with a simple hand drive but a 
clock-controlled gravity drive can be fitted without difficulty. 

Built largely of cedar, the mounting is light and strong. It is 
inexpensive; only common sizes of dressed lumber are used; there 
are no special castings to be machined and the few metal parts 
needed, except the declination clamps which are formed of strap- 
iron, are obtainable at low cost at any plumber’s or hardware 
shop ready for use in the mounting. 

While portability has been considered less important than 
steadiness in use, the yoke and telescope together can be lifted 
off the base for transportation without removing any nuts or other 
fastenings and as easily be replaced. 

The general arrangement of the mounting will be seen from 
Fig. 1. A description of some details follows: 

The yoke is formed of dressed cedar, nett size 1}x3? inches, 
and arms and cross-piece are reinforced with pieces of }x2}-inch 
oak flooring for greater stiffness at large hour angles. The joints 
are similarly reinforced top and bottom and through bolted with 
j-inch bolts. 

The upper bearing of the yoke is of the so-called “horse-shoe”’ 
form, due to Dr. H. P. Bailey, a Californian amateur astronomer, 
which allows full access to the pole and in essence has been adopted 
for the 200-inch telescope. 

To prevent warping, the horse-shoe is made of two thicknesses 
of 3-ply laminated wood, 3-inch thick, glued and screwed together 
back to back with the grain crossed and is further stiffened by 
23x?-inch cedar battens and light angle-irons. The horseshoe 
runs on four hardwood rollers made of ordinary household sewing 
silk spools, j-inch in diameter, turning on j-inch bolts between 
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supports of 3-inch oak flooring. Stout steel pins, headless No. 8 
or 9x2}-inch screws, prevent over travel. 

The lower bearing which take the thrust of the moving parts 
consists of a ?x8-inch bolt with the head cut off, set into the 
cross-piece of the yoke and screwed to it with two nuts. The 
smoothed and rounded end of the shank bears on two or three 
“tin” liners in the bottom of a cap on the lower end of a }x3-inch 
nipple set in the bearing support. When assembling the mounting, 
the horse-shoe is placed correctly on its rollers by adjusting the 
nuts, 

The declination trunnions are two }x5-inch nipples of galvan- 
ized pipe turning in }-inch holes bored in the arms of the yoke. 
They are screwed into }x3}-inch floor flanges bolted‘to reinforcing 
strips of 3x2}-inch oak flooring secured to the sides of the square 
tube. Factory-made nipples should be used for these trunnions, 
as having truer threads than can be cut by hand. 

Provided that the mounting has been thoroughly waterproofed, 
as described below, and is kept reasonably dry, there is no need 
of oil or grease for lubrication. Instead, the bearings are well 
coated with powdered graphite when being assembled and again 
every year or two thereafter as experience indicates. 

The declination clamp discs, 5-inches in diameter, also of two 
thicknesses of 3-inch 3-ply wood, are keyed to the outer ends of 
the trunnions, which are finished with caps. These caps are not 
merely ornamental; by preventing end play they enable both arms 
of the yoke to share the load at large hour angles. 

The upper face of the horse-shoe is graduated to show hour 
angles. The two declination circles—of |-inch ply-wood—about 
10 inches in diameter, are also graduated on the face. The gradua- 
tions can be marked directly on the painted wood, on Bristol 
board well varnished and glued to the plywood discs, or on sheet 
metal. The discs are screwed in place, the holes being slotted to 
allow of adjustment. 

To insure the rigidity of which the mounting is capable, the 
joints, in addition to being glued with a waterproof glue such as 
casein, are further secured by bolting, washers being used under 
all bolt-heads and nuts. 

The tube, Fig. 2, of square section, has walls of {-inch 3-ply 
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wood, glued and screwed at the edges to ?xl}-inch stringers 
and is stiffened at intervals by bands of 3x2}-inch oak flooring, 
paired where the floor flanges for the declination trunnions are 
attached and for the seat for the eyepiece. 

The mirror rests on a ring-shaped pad of Brussels carpet of its 
own diameter and about 3 its diameter wide. The pad lies on a 
plate made of two thicknesses of 32-inch 3-ply wood, glued together 
back to back with the grain crossed. The plate is held in place 
with four studs set in the ends of the stringers and is provided 
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Fig. 2.—Telescope Tube and Details of Mirror Support. 


with push screws bearing against large flat-headed drawing pins 
for squaring on. The mirror is held to the pad by four fibre washers 
which bear on {-inch pipe sleeves on four {-inch machine screws. 
In turn the sleeves bear on rubber washers resting on the plate. 
Rubber tubing slipped over the pipe sleeves bears lightly against 
the edge of the mirror, to keep it from moving sideways. The . 
mirror is thus held securely in place but without strain. f 
Any wooden structure exposed to the weather must be pro- 
tected from dampness. Good observing nights not infrequently 
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have heavy dews. All parts of the mounting therefore must be 
thoroughly waterproofed. First, a heavy coat of thin shellac is 
well worked into the wood, including the holes forming the bearings 
for the declination trunnions. Except in these bearings, the shellac 
is followed by three coats of a first-quality waterproof varnish, 
such as “‘Valspar’’ or one of the new Bakelite base varnishes such 
as ‘‘Bapcolite.”’ Particularly must the edges of all ply-wood be 
thoroughly treated and the inside as well as the outside of the 
tube. Every coat must be dry before the next is applied. When 
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Fig. 3—Details of Upper Bearing of Yoke showing arrangement of Hand 
Drive. 


the waterproofing is finished, the inside of the tube is painted 
with flat black oil paint. 

Control in operation. When a telescope of the size here con- 
templated, about 6-inch, is to be used if only occasionally for 
serious observation, setting on an object or attempting to follow 
it by pushing the telescope round is most unsatisfactory, especially 
when a high power is being used, and is useless when a time- 
exposure photograph is to be made. Although a driving clock 
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may be a luxury, some form of driving device which will alleviate 
this condition is very necessary. Accordingly there is incorporated 
in this mounting the hand-drive shown in Fig. 3. 

One end of a flexible braided wire line, such as fine brass picture- 
wire, is hooked into a screw-eye as at 1. The line is then passed 
round the west edge of the horse-shoe and the roller 2 and, after 
several turns round the spindle 3 to give the necessary friction, 
up round the roller 4, the east edge of the horseshoe and the small 
pulley 5, and is made fast to a spring hooked into a screw-eye as 
at 6. The spring must have sufficient tension to prevent the line 
from slipping on the spindle. When the yoke and telescope are 
to be removed from the base for transportation the line is simply 
unhooked from the horse-shoe. 

The spindle 3, of }-inch pipe, is carried in bearings consisting 
of heavy screw-eyes. To prevent the turns of the line from over- 
riding as the spindle is rotated, it is given an endways motion by 
a long thread on it running in a fixed nut. 

Control in declination is given by the usual clamp and tangent 
screw, fitted for convenience to both sides of the yoke. As they 
are of fairly heavy strap-iron, 5/32x3-inch, and have to be drilled 
for screws, probably it will be found most satisfactory to have 
them made by a blacksmith. 

Tube shape. As the mounting departs from convention in 
having a square wooden tube instead of the usual sheet-iron 
cylindrical tube, it may be of interest to discuss shortly the reasons 
for this feature. 

Accepting the verdict that a tubeless telescope gives better 
definition than one having any kind of closed tube, in the case of 
the amateur’s telescope which frequently must be used where stray 
light abounds, a tube is a practical necessity. 

Admittedly a certain advantage lies with the cylindrical tube 
in that when carried in a sleeve (as would be the case here) it can 
be turned round to place the eyepiece in the most convenient 
position for observing, which of course cannot be done with a 
square tube.‘ 


4A somewhat like result however has been had with a square tube by mounting 
the secondary mirror and eyepiece in a short separate section of the tube which 
is set upon the main portion to face the side desired and secured by a simple 
fastening. But the matter is not of great importance, as by placing the eyepiece 
in the north face of the tube very little inconvenience will be experienced. 
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On the other hand, the square wooden tube, by reason of its 
shape, its greater relative area and its low heat conductivity, is 
less subject to the formation in it of air currents, which so often 
mar definition. These air currents are set up by local differences 
of temperature in the tube wall due to transfer of heat between 
it and the external air, partly by varying convection and radiation 
from the observer’s body, but principally because the lower part 
of the tube being near the ground is exposed to a much lower 
temperature than obtains a short distance above. 

As the temperature distribution in the thin metal wall is 
continually varying, the direction and volume of the air currents 
within the tube also vary, and with every change in its inclination 
also, and may even result in the formation of dew on the mirror, 
a condition from which the wooden tube, because of its low heat 
conductivity, is practically free. 

Comparing conditions of operation of a 63-inch mirror in a 
metal tube of 7}-inch diameter and 20-gauge thick and in a 
wooden tube 7}-inches square having walls about 5/16-inch thick, 
not only are their heat conductivities about 2800 to 1, but the 
wall of the metal tube near which these air currents are most 
active is only one-half-inch from the perimeter of the 63-inch 
diameter column of light passing to the mirror, whereas the walls 
of the square tube are on the average almost four times as far 
away from it. Further, the abrupt change of shape at the corners 
of the wooden tube serves to break up such air currents as are 
formed and reduces still more their effect on definition. 

Whence, given equal observing conditions, it is considered that 
definition will be better with a square wooden tube than with a 
cylindrical sheet metal tube of the same diameter. 

My thanks are tendered to Mr. Wilfred R. Hobday, director 
of the Telescope Making Section of Victoria Centre, whose co- 
operation, helpful criticism and suggestion have been most valuable. 
Mr. Hobday also kindly constructed the first mounting built from 
these designs. 


2390 Oak Bay Ave., 
Victoria, B.C. 
October, 1941. 
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A PERPETUAL CALENDAR 


By EvisaBetu ACHELIs, 


President of The World Calendar Association 


N the issue of this JourNAL for October, 1941, Mr. C. E. White 
has an interesting article on calendar reform, in which his con- 
clusions are: 

1. The World Calendar of twelve months and equal quarters is “much to 
be preferred” to the Eastman calendar of 13 months. 

2. The World Calendar, however, should be modified so that the continuity 
of the seven-day week is not interrupted by the insertion of the World 
Holiday, December 31 (or Y), at the end of the year—in other words, the 
“perpetual” aspect of the calendar must be abandoned. 

Mr. White’s chief interest, of course, is in what he calls “mental 
calendars’’—mathematical formule that will calculate day and date 
for any year. These formule are outside the sphere of the average 
layman, and at any rate would be simplified tremendously if the 
perpetual World Calendar were in use, so that I should like, in this 
article suggested by the editor, to dispose of Mr. White’s objections 
to the intercalary World Holidays. 

To obtain a better understanding, a brief review of early calendar 
history will shed light on the development of the week with its 
seventh day of rest. 

For it was only the Constantinian change in 321 A.D. that intro- 
duced the seven-day week into the Western civil calendar, trans- 
forming it from a stable one (every year the same) to one of instabil- 
ity (every year different). The new time-measurer, the week 
(familiar to the Semitic people from ancient times), is the reason 
for our calendar’s inconsistencies. Yet, notwithstanding these vagar- 
ies, the week has brought to civilization many ethical, religious and 
sociological benefits. 

Returning to the origin of the calendar, one reads in the first 
chapter of Lancelot Hogben’s Science for the Citizen: 

The recognition of the passage of time now became a primary necessity of 
social life. In learning to record the passage of time man learned to measure 
things. He learned to keep account of past events. He made structures on a 
much vaster scale than any which he employed for purely domestic use. The 
arts of writing, architecture, numbering, and in particular geometry, which 
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was the offspring of star lore and shadow reckoning, were all by-products of 
man’s first organized achievement, the construction of the calendar. 

Farther on is this significant statement : 

Science began when man started to plan ahead for the seasons, because 
planning ahead for the seasons demanded an organized body of continuous 
observations and a permanent record of their recurrence. 

Everything that we know and all that we enjoy and use to-day 
had its beginning, then, with the calendar. The first constructive 
and orderly calendar, according to the late Professor James H. 
Breasted, was that of the Egyptians, introduced in 4236 B.C., which 
he claims “is not only the earliest fixed date in history, but also the 
earliest date in the intellectual history of mankind.” 

The solar calendar of the Egyptians was based on the 365-day 
year, arranged into a convenient division of 12 months, further sub- 
divided into three groups of 10 days each. The remaining five days 
were added at the end of the year and these were zealously guarded 
by the priesthood. Although the Egyptians knew the solar year was 
actually a quarter of a day longer than 365 days, they did not put 
this knowledge into use. 

Other calendar revisions in chronological order were the Julian, 
Augustan, Constantinian and Gregorian,—all of them improvements 
based on the solar calendar of 12 months that contained a 365%- 
day year with an accumulated 366th day inserted at intervals. The 
12 months of the solar calendar are completely divorced from the 
earlier moon-months of 29 and 30 days. It was the total separation 
of moon-months in the earlier lunar calendars and the more con- 
veniently arranged 12 months in the solar calendar, free from 
astronomical association, that were the outstanding features of the 
Egyptian reform. 

The Julian change, based on the Egyptian system, made it neces- 
sary for 10 days to be distributed more or less evenly throughout 
the old lunar calendar of the Romans, whereby the latter was trans- 
formed into a solar one in harmony with the seasons. But the Julian 
calendar, like its predecessor, had no week, having instead Calends, 
Nones and Ides. The added 10 days resulted in the irregular length 
of months that we have to-day. 

The legend that Augustus lengthened his month, August, to 31 
days, shortening February to 28 days, is proved to have no his- 
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torical foundation if we read the historians, Macrobius and Cen- 
sorinus. 

Julius Caesar introduced the regular leap-year day (the accu- 
mulated one-quarter day) every four years, which rule, however, 
was misinterpreted by the priesthood. The subsequent Augustan 
reform was made, therefore, to amend the leap-year rule, which 
necessitated the abandoning of all leap years between 8 B.C. and 8 
A.D. It was an interesting coincidence that this change should have 
occurred during the transitional years from pagan to Christian 
chronology although, of course, this fact was not known at the time. 

The Julian reform, although it improved the previous Egyptian 
one by giving the calendar a better distribution of the five or six 
days at the end of the year, brought about new irregularities in the 
arrangement of the calendar, by which the smooth and regular order 
of its earlier prototype was lost. The solar calendar with its leap- 
year day was now firmly established in Europe and marked a dis- 
tinct epoch in the progress of the calendar. 

The Constantinian change, as already stated, added the week to 
the other units that already existed in the solar calendar. 

The Gregorian revision of 1582 A.D., in general use to-day, 
further amended the leap-year rule. This was because in the inter- 
vening 1600 years scientists had discovered that the year was 365 
days, 5 hours, 48 minutes and 46 seconds long—somewhat short of 
365% days. The correction resulted in a simplified leap-year rule: 
every fourth year was to be a leap year but century years must be 
multiples of 400 in order to be leap years. To accomplish this end, 
10 days were dropped from the calendar. Thus—theoretically— 
everyone became 10 days older according to date as Thursday, Oc- 
tober 4, was followed by Friday, October 15. 

In the new proposed calendar Mr. White fears that, under a 
perpetual calendar system (every year the same), certain sects, in 
their interpretation of the continuity of the week since creation, will 
discover that their seventh day of worship will fall not on a Sabbath 
or Sunday in The World Calendar but on a Tuesday or Wednesday. 
In this case, he warns, business will get a setback and even the 
wheels of the factory may stop. Does Mr. White realize that for 
many centuries Jewry has celebrated its New Year in September or 
October in our calendar instead of on January !—and there has been 
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no economic or business crisis? The Sabbatarian has closed his 
shop or remained away from work on Saturday for years, even in 
localities where ordinances forbid labour on Sunday which might 
compensate for a possible economic loss. No disastrous results fol- 
lowed. The civil world goes on notwithstanding specialized groups. 

Civilization requires the civil calendar to be stable in its arrange- 
ment, more convenient, regular and harmonious than is the present 
Gregorian system which we are using. The insufficient revision sug- 
gested by Mr. White, wherein the calendar would still shift from 
year to year, is not one of progress. 

Those who still advocate the shifting calendar do so on the 
assumption that the seven-day week from remote antiquity has con- 
tinuously been an unbroken chain of seven days. It is indeed a bold 
assertion to make when one considers that there have been five great 
changes of the solar calendar. And when, in addition, one considers 
that the old Hebraic calendar also underwent changes* (ably describ- 
ed by Dr. Julian Morgenstern, who divides these reforms into Calen- 
dars I, II and III), it is reasonable to assume that these various 
changes were of a thorough-going nature, from one system to the 
transition of the second and then to the third. 

Another well-known scholar, Rabbi Martin M. Weitz, referring 
to the ancient Hebrew calendar, states the following : 

The Sabbath evolved from an irregular and fourfold monthly experience 
to a regular weekly event. . . . If it [The World Calendar] sanctifies the week 
additionally in that it can reintroduce an ancient Jewish practice—a 48-instead 
of 24-hour “coverage” for major rest-days and festivals, it may well be time 
to lengthen again the one day and one-week festivals by one day for each. Thus 
Passover would be celebrated by all for eight, not seven days, and New Year's, 
for two, not one days. Orthodox Jewry celebrates eight and not seven days 
for Tabernacles and Passover, and two not one, for New Year and Pentecost, 
in order that Jewry all over the world shall be able to celebrate these festivals 
simultaneously.t 

It was Constantine the Great who changed the day of worship 
from a Saturday to a Sunday, and when the change was made from 
the seventh day of the week to the first day there must have occurred 
somewhere an eight-day week. No one, therefore, can maintain the 


*Hebrew Union College Annual 1924, and abstracted for Journal of Calen- 
dar Reform, Vol. 2, 1932, p. 111. 
+Journal of Calendar Reform, Vol. 7, 1937, pp. 180, 187, 188. 
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argument of “Sabbath continuity.” Christ said, in condemning a too 
rigorous observance, that “the Sabbath was made for man, and not 
man for the Sabbath.” 

The claim, then, of an unbroken continuity of the week since time 
immemorial is decidedly doubtful. 

To meet the objection of an interruption of the continuity of the 
week, a leap-week calendar has been suggested, withholding the extra 
365th and 366th days until these have reached a full week and then 
inserting the extra week into the calendar every five, six or eleven 
years. Such a calendar, however, would have continuous short or 
long years and wandering seasons. The League of Nations reported 
that such a proposal is “inferior to the existing calendar and cannot 
be considered at all.” 

Of vital importance to modern calendar reformers who advocate 
a perpetual calendar are the one or two intercalary days conceived 
by the brilliant Italian scholar and priest, Abbé Mastrofini. It was 
he who introduced the idea of an extra day at the end of every year 
and another in leap years in a 364-day calendar-year. It was the 
only way our calendar could be made stable, and the Roman Catholic 
Church may well be proud of its brilliant son. 

Calendar revision in our modern day is notably different from 
past reforms. The movement for a modern calendar has now ex- 
panded into a world calendar that embraces all groups, nations and 
peoples. 

In early days the calendar was the prerogative of scientists and 
priests since these comprised the cultural and intellectual world. The 
public at large was still ignorant. With the invention of the printing 
press, however, knowledge became available to the people, so that 
to-day the civil calendar is no longer of moment only to one or two 
specialized groups. 

The calendar revision for our age, then, which blends the best 
of the old with the best of the new, is the adoption of a perpetual 
civil calendar, the new World Calendar of 12 months and equal 
quarters. It is a simple plan indeed. It calls for no such com- 
plicated mathematics as appear in Mr. White’s article. His com- 
plicated calculations are clear evidence of the unavoidable difficulties 
in any calendar that changes from year to year. It is impossible for 
it to be otherwise. How amazing that people are so patient and tol- 
erant, clinging to a time-system that is so inadequate! 
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Common sense and reason call for a calendar that is every year 
the same. We certainly would not tolerate a clock that always 
changes. Why, then, be so tenacious for a changeable calendar ? 

The perpetual World Calendar of 12 months and equal quarters, 
which we are happy to learn Mr. White prefers much above any 13- 
month calendar, is arranged on a simple plan of 31,- 30,- 30-day 
months in every quarter, giving to each of these quarters an even 3 
months, 13 weeks, 91 days. Each month has 26 week-days plus 
Sundays. Every first month in the quarters begins with Sunday, 
every middle month with Wednesday and the last month with Fri- 
day. Considering Sunday as the first day of the week, the first Sun- 
day of each month in every quarter would always fall in order, on 
the Ist, 5th and 3rd of the month; 1, 5, 3 would thus be key num- 
bers. This would be unalterable—as reliable as are the 60 seconds, 
60 minutes and one hour in our 12-hour clock, which repeated gives 
us the 24-hour day. I do not agree with Mr. White to begin the 
week with Monday, the customary second week-day, and I decidedly 
question its practical value. There is no reason to change the order 
of the week by beginning it with Monday thereby making Saturday 
the sixth and Sunday the seventh day of the week. This would 
create “confusion, worse confounded.” 

The one or two intercalary days, the 365th and 366th days— 
the new World Holidays—make it possible not only for the calendar- 
year to begin always on a Sunday, the first day of the year and week, 
but for the first Saturday as well to fall always on the seventh day 
in every new year. For the first time Saturday will be stabilized in 
its proper place; no longer will it fall on the first, second, fifth or 
sixth day in each new calendar year as it does now. 

The great advantage of this new time-plan, The World Calendar 
of 12 months and equal quarters, is that the various time-units are 
perfectly coordinated. The day, week, month, and to a large extent 
the season, all agree at the end of every quarter and, of course, at 
the finish of every year. It matters little on what particular time- 
unit any organization bases its accounts. The time-periods all agree. 
They are of the same value. And this can be accomplished with no 
drastic upheaval. There are only one or two days’ difference in only 
six months, between February 28 and September 1. Anniversaries 
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may well retain their original dates as well as secure their week- 
days. 

Now what about that moot question of the one or two extra 
days? It has within recent years been approved by the Protestant 
Episcopal Church, the Council of Bishops of the Methodist Church, 
the Universal Christian Council for Life and Work which counts 
among its members representatives of the non-Roman—Eastern 
Orthodox—and Protestant Churches. The Moslem Government in 
Turkey and for international purposes Moslem Afghanistan have 
given it their approval. And the Roman Catholic Church has fre- 
quently stated that there exists no dogmatic objection to calendar 
revision. 

We consider the extra World Holidays, falling every year on an 
extra Saturday after December 30—the Year-End Day—and in leap 
years on another extra Saturday after June 30—the Leap-Year Day 
—as offering an unusual opportunity to bring together nations and 
peoples all over the world in greater harmony, amity and unity. 
And in our present war-torn world is this not of vital and tre- 
mendous importance ? 

The spiritual significance of uniting the whole world on the 
World Holidays every year (another in leap year) is of far greater 
value and benefit than the unbroken continuity of the seven-day 
week, which at best is a most questionable contention. 

The new civil World Calendar is one complete and harmonious 
unit. It always begins with Sunday, the day of the Lord’s Resur- 
rection, and is rounded out by the Sabbath, the day of rest, with 
the Year-End Day “World Holiday,” the day of world unity, 
linking the two together by a bridge of friendship. 

Taking the Bible as our inspiration and guide, the World Holi- 
days in their cumulative effect may well be likened to the symbolic 
leaves of the tree of life that are for the healing of nations. I fully 
believe that the uniting and healing World Holidays will become one 
of the greatest influences for increased good will and understanding 
among us all and with every one of us, irrespective of nation, creed, 
race or colour. 


International Building, 
630 Fifth Avenue, 
New York City, N.Y. 
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REVIEW OF PUBLICATIONS 


Magnitudes and Colors of Stars North of +-80°, by Frederick H. 
Seares, Frank E. Ross, and Mary C. Joyner. Carnegie Institution 
of Washington Publication 532, 1941. Pp. 89. Paper bound $1.50, 
cloth $2.00. 

Astronomers who are already familiar with the beautifully precise 
photometric work done by Seares and his associates at Mount Wilson 
over a period of many years will welcome this latest addition to their 
list of publications, which already includes such standard reference 
works as the Mount Wilson Catalogue of Selected Areas (Carnegie 
Publication 402). 

The aim of the present publication is to provide far more stars 
with accurately known photographic and photovisual magnitudes 
than the North Polar Sequence alone provides. This new publication 
is a final edition of a provisional volume issued in 1935 in a mimeo- 
graphed form giving photographic magnitudes of these stars, and 
photovisual magnitudes for 331 of them. 

The catalogue includes 2,271 stars, with a selection based on the 
BD catalogue. All the BD stars north of +85° are included (except 
doubles), and stars selected from the five degrees south of this. The 
plates were taken by Ross with a 5-inch Ross camera at Mount Wil- 
son. Photographic and photovisual magnitudes to the hundredth of 
a magnitude, with the resulting colour indices, are given for all these 
stars. As one would expect, the photographic magnitudes range 
mostly from the 8th to the 11th magnitude. The catalogue is con- 
veniently arranged on the BD system by degrees of declination, and 
tight ascension in each degree, with position given for 1900. Great 
care has been taken to base these magnitudes upon the International 
System of the North Polar Sequence. Some idea of the care and 
accuracy of the catalogue may be gleaned from the statement 
“Throughout the 7-mag. interval the scale differences appear to be 
of the order of 0.01 mag.” In providing standards, both photographic 
and photovisual, for stars brighter than the 12th magnitude, this 
catalogue will prove of the greatest value. 


H.B.S.H. 


32 


— 


| 
é 
a 
» 
4 


Review of Publications 33 


Edmond Halley as Physical Geographer, and the Story of his 
Charts, by S. Chapman, M.A., D.Sc., F.R.S., President of the 
Royal Astronomical Society. Pages 15, 634x10 in., with six large 
plates. Published by the Society at the University Observatory, 
Oxford. Price 2s 6d, 1941. 


Halley is well known as a great astronomer, but he has many 
just claims to fame for his labours in other fields of knowledge. 
He compiled the first mortality tables, the basis of all life insurance ; 
and he made pioneering observations and theoretical investigations 
in meteorology, the earth’s magnetism and the tides. He produced 
the first meteorological chart (1688) and the first magnetic chart 
(1701). 

The author of the present appreciative and satisfying account 
of Halley’s work in physical geography is himself an authority in 
this subject. He gives interesting details of Halley’s voyages and 
investigations and adds a description of later magnetic charts for 
early epochs. 

The charts reproduced are large folding ones and include 
Halley’s chart of the trade winds (1688) ; his Atlantic chart of the 
lines of equal magnetic declination for epoch 1700; his World 
chart of magnetic declination for epoch 1700; and three charts for 
early dates by W. van Bemmelen. 


C.A.C. 


Earth, Moon and Planets, by Fred L. Whipple. 293 pages, 
5%4x8¥ in., 140 illustrations. Blakiston, 1941. Price $2.50. 

This is one of the series of nine books being prepared by Harvard 
astronomers which will cover the entire field of astronomy. 

The first four chapters are somewhat general and are entitled, 
Introducing the planets, How the system holds together, The dis- 
coveries of Neptune and Pluto, and Weights and measures. Chap- 
ter I (16 pages) discusses the orbits of the inner and of the outer 
planets, phases, satellites, together with a reference to comets. Chap- 
ter II (18 pages) refers to the apparent path of a planet among the 
stars and its real path in space, the law of gravitation, the moon’s 
orbit and the gaps in the periods of the asteroids. Chapter III 
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describes the discoveries of Neptune and Pluto, and chapter IV 
explains briefly the measurement of distances and masses. In these 
chapters there are so many matters to discuss that the treatment could 
only be sketchy and hardly satisfying to a person who really wants 
information. 

Then follow two chapters on the earth, three on the moon, one 
on Jupiter, one on Saturn, Uranus and Neptune, one on Pluto, Mer- 
cury and Venus, one on Mars (26 pages) and one on the origin and 
evolution of the solar system. These chapters on individual bodies 
are profusely illustrated with photographs and drawings and are 
specially interesting. The treatment is in the narrative or discursive 
style, more like a magazine article than a student’s text. Indeed in 
a work limited to a definite portion of astronomy a reader may be 
sometimes disappointed that the treatment is not more advanced and 
complete. 

The reviewer would mention the chapter on Mars as particularly 
enjoyable. It contains a large number of E. C. Slipher’s finest photo- 
graphs as well as some taken at the Lick and Mount Wilson observa- 
tories, and shows what marvellous details can be photographed by a 
skilful astronomer. 

The chapter on the origin of the solar system runs to 15 pages. 
It is an admirable summary of many difficult researches and one may 
hope it will satisfy the lay reader’s desire for such information. “We 
have studied the present state of the solar system, and, to a limited 
extent, its history. Its future, unless some unforeseen accident occurs, 
seems bright. The chance that a wandering star might disrupt the 
stately order of the planetary motions is small, even within a billion 
years” (page 245). 

Four appendices deal with Bode’s Law, Planetary configurations, 
Planetary data, and A star chart and planet finder for locating the 
planets valid to 1970. 

It may be remarked that Fig. 27 is credited to Old and New 
Astronomy by Proctor and Ranyard (1892) although it appeared 
earlier in Proctor’s Saturn and his System (1865); and Fig. 97 is 
attributed to The New Astronomy by S. P. Langley (1888) while it 
is found in Nasmyth and Carpenter’s The Moon (1874). 


CAC. 
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NOTES AND QUERIES 


Cc icati are invited, especially from amateurs. The Editor 
will try to secure answers to qu 


Query—TuHe Earru’s 


There are two questions regarding the earth’s orbit, the answers 
to which I have failed to find in the encyclopedias and books I 
have. 

(1) Is it really known why the earth’s motion is elliptical, 
instead of circular as a layman might expect? Can the astronomer 
analyze the forces involved ? 

(2) Do we not understand that the sun is located at one focus 
of the ellipse of the earth’s orbit? Has anyone a reasonable theory 
as to why that particular focus has been preferred to the other? 

(3) Can you recommend a book on astronomy—not too 
advanced—which would be helpful in such problems ?—G.H., Sud- 
bury, Ont. 7 


Answers 


For many centuries it was assumed that the orbits of the planets 
about the sun and of the moon about the earth were circular, since, 
it was thought, the circle is the perfect curve. However it was 
impossible, by means of circles or combinations of circles, to account 
satisfactorily for the positions where a body had been in the past or 
to predict accurately where it would be at any future date. Finally, 
by utilizing many years of observations of the planets—especially 
those by Tycho Brahe—Kepler showed that the orbits actually were 
ellipses. Why they were so no one could say. Some years later 
Newton demonstrated mathematically that if we start with the 
hypothesis that a planet is attracted to the sun by a force varying 
inversely as the square of the distance between the two bodies, then 
the closed path which is followed by the planet will be an ellipse. 
The shape and size of the ellipse are determined by the magnitude 
and direction of the initial velocity imparted to the planet when it 
is launched on its path in space. It is to be remembered that a 
circle is an ellipse in which the two foci coincide, or the eccentricity 
is zero. The astronomer can analyze the forces involved. 
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(2) Why one focus of the ellipse is chosen rather than the other 
it is impossible to say. 

(3) An elementary treatment of the problem is given in 
Russell, Dugan and Stewart’s “Astronomy”, v.1. 


Tue British NAuticaL ALMANAC 


The 1942 number of the Nautical Almanac has arrived from 
England. The first edition of this annual almanac was published 
in 1766, for the year 1767. During the following century and three 
quarters this great handbook has increased in size and importance, 
both for the navigator and for the professional astronomer. Hence 
it was with alarm that we learned, some months ago, that the 
greater portion of the type and plates for the 1942 Nautical Almanac 
had been destroyed in the bombing of London. We now most 
heartily congratulate the Astronomer Royal and the Nautical 
Almanac Office on their vast achievement of completing the publi- 
cation of this volume in sufficient time to have caused no serious 
inconvenience, at least to astronomical users. Much of it has been 
printed by photo-lithography, and, while the press-work is not as 
beautiful as that of the customary editions, it is still very neat and 
readily legible. Our own Society has suffered one inconvenience as 
a result of the delayed publication, in that the predictions of 
Occultations for Canadian stations, usually taken from the Nautical 
Almanac, had to be omitted from our 1942 Opserver’s HANDBOOK 


F.S.H. 


BRITISH CONTRIBUTIONS TO GEOMAGNETISM 


From an address by Prof. Sidney Chapman on ‘‘Charles Cheer 
and his work on Geomagnetism”’, as printed in Nature, August 9, 
1941, the following is taken: 


In the earth sciences, most of all, international co-operation is a necessity 
for progress; yet each nation may feel pride in its own contribution to the 
common stock. In geomagnetism Britain has a long and distinguished record. 
Queen Elizabeth’s hydrographer Robert Norman was the first to measure the 
magnetic dip (1576); her physician, William Gilbert wrote ‘‘de Magnete’’ (1600), 
the first modern scientific treatise; Gellibrand, Gresham professor, discovered 
the secular magnetic variation (1634); Halley made the first scientific voyages 
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(1698-1700) to measure the magnetic declination, and also constructed the first 
magnetic chart (1701). Graham, the London instrument maker, discovered the 
transient magnetic variations (1724). 

In the nineteenth century Sabine fostered the British Colonial magnetic 
observatories, discovered the 1ll-year cycle in geomagnetism, and like Broun 
of Trevandrum, made notable studies of the lunar geomagnetic tide. Balfour 
Stewart was the first to realize the existence of the ionosphere as the primary 
source, through dynamo action, of the daily magnetic variations (1882). Schuster 
applied Gauss’s method of spherical harmonic analysis to these variations 
(1889), and developed Stewart’s dynamo theory (1908). Maunder made brilliant 
studies of the connexions between the sun and magnetic storms (1904-16). 

Chree, contemporary with Schuster and Maunder, was in this distinguished 
succession, and his name will endure in the history of geomagnetism. Other 
notable contemporaries were Bauer, the initiator and first director of the De- 
partment of Terrestrial Magnetism of the Carnegie Institution of Washington, 
and Schmidt, van Bemmelen and Moos, the directors of the magnetic observa- 
tories at Potsdam, Batavia and Bombay; like Chree, they were not content 
with maintaining a high standard of accuracy in the magnetic measurements 
under their charge; they had also the energy, ability and inward impulse to 
undertake the scientific discussion of their records. 


How FAR Is THE EARTH FROM THE SUN? 


The number of hours of labour and dollars of expense which 
have been devoted to observations and computations designed to 
supply an answer to the above question would surely reach ‘‘astro- 
nomical” proportions. Yet no opportunity is allowed to pass which 
can improve our measurements. The reason of course is because 
this distance is the fundamental unit employed in determining the 
distances of the other planets of the solar system and of the stars 
in the depths of space. 

The quantity actually measured is the solar parallax, which 
need not be defined here. When the asteroid Eros was discovered 
in 1898 and its orbit computed, at once it was seen that it would 
serve as a suitable object to find the solar parallax. In 1901 it 
came within 30,000,000 miles from the earth, and from the great 
campaign then to obtain photographs of the little planet amongst 
the stars, the parallax was determined to be 8.80. A still more 
favourable approach of Eros to the earth occurred in 1930-31 when 
it came within 16,200,000 miles. At various observatories a large 
number of photographs were secured and the discussion of the 
material was placed in the capable hands of Dr. H. Spencer Jones, 
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Astronomer Royal at Greenwich. The results have recently been 
announced and may be given in the words of Henry Norris Russell 
in his monthly article in the December Scientific American: 

It was finally found possible to combine the observations with 16 different 
instruments into a single consistent mean value. For the solar parallax, this 
came out 8’’.7900+0’.0013. As appears from the probable error, the last figure 
is not significaht—it is given to avoid error due to neglected decimals in the use 
of this value in future work. But it appears to be ten to one that the actual 
parallax is somewhere between the figures 8’’.793 and 8’’.787. 

The results obtained from different methods of observation (visual and 
photographic), from right ascensions and declinations separately, and from 
observations with different instruments and at different places, are remarkably 
accordant—the extreme outside range given by them being from 8’’.788 to 
8.791. 

The finally adopted value corresponds to a mean distance of the sun of 
93,010,000 miles, with a probable error of 15,000 miles. The round number 
93 million miles may be adopted for all purposes. This makes the sun’s diameter 
865,400 miles, and its mass 333,400 times that of the earth. 

These values of the distance and diameter are greater by 0.15 per cent. than 
those which have previously been adopted, as the new value of the parallax is 
less in the same proportion. The new value of the mass is 0.45 per cent. greater, 
as it involves the cube of the parallax. 

This change is rather larger than would have been expected. But the new 
set of observations, judged by the agreement of the different instruments, and 
so on, should be many times more accurate than the old, and there is every 
reason why it should be generally adopted. 


HEATING PROCESSES IN SAMOA 


For a moving and realistic description of a hurricane in the 
South Pacific the present writer recommends the first two chapters 
of ‘‘Polynesian Paradise’’ by Donald Sloan, published last year. 
The author spent a considerable time on several ‘‘unspoiled’’ 
islands of American Samoa and learned to live just as the natives 
did. Our readers may be interested in their method of making 
fire and cooking food without the use of vessels which can be 
placed over the fire. The former is not identical with that employed 
by the aborigines in Western Australia, as seen by the present 
writer; the latter reminds one of the ‘‘method of mixtures’”’ in 
experiments in heat in the physics laboratory. 


He nonchalantly selected a long piece of soft dry wood and a short stick of 
hardwood. With the hardwood stick he soon ploughed a shallow trench in the 
softer wood and began rubbing the stick back and forth with lightning speed, 
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pressing as hard as he could. It was the fire-plough as ancient as man-made 
fires themselves. In about thirty seconds the trench where the hardwood stick 
moved became brown and started to turn black. In less than a minute the tiny 
heap of powdered wood dust that had piled up at one end of the trench smouldered 
and began to glow. A few shavings of tinder were added, and with a few puffs 
of breath the flame flared up and the fire was lighted. 


There are no metals or pottery clays in the islands for making cooking 
vessels that can be used over a hot fire, so they do their boiling in large wooden 
bowls. The food is placed in the bowl and covered with water. Then hot rocks 
are dropped in until the water comes to a boil. Two or three rocks about the 
size of baseballs usually are sufficient to boil a fairly large bowl of water; after 
that the food is kept boiling by fishing the rocks out as fast as they cool and 
replacing them with fresh hot rocks. 


A baseball is 9 inches in circumference and a stone (granite) with 
an equal volume would weigh 1-2 Ib. Its specific heat would be about 
0-2. If such a stone were heated to 788°F. (melting point of zinc) 
and cooled to 212°F. (boiling point of water) it would give out 138 
British thermal units. Suppose 2 quarts of water (5 lb.) at 60°F. 
to be heated to 212°F.; the heat required is 760 B.T.U. To do this 
6 such stones would be required. 


CAL. 
INJURY TO THE POULKOVO OBSERVATORY 


In The Observatory for December 1941 Astronomer Royal H. 
Spencer Jones gives information regarding the damage done to the 
famous Russian observatory during the Nazi attack on Leningrad, as 
follows: 


The news that the Poulkovo Observatory has suffered serious damage in 
the bombardment of Leningrad will be received by astronomers in all parts of 
the world with deep regret. Founded in 1839 by the Emperor Nicholas, it has 
recently celebrated its centenary. It lies some twelve miles south of Leningrad 
not far from the railway from the German frontier to that city, and is named 
after the adjacent village. From the time of its foundation it has taken a lead- 
ing part in fundamental astronomy, for which its high latitude particularly 
fitted it. Possessing an excellent equipment of transit instruments, including 
a Repsold meridian circle, an Ertel-Merz vertical circle, and a Repsold prime 
meridian transit instrument, the fundamental observations made at the Poulkovo 
Observatory have been planned with care and characterized by their accuracy. 
In the formation of a fundamental system of star places, the Poulkovo catalogues 
receive very high weight. The equatorial instruments include a Repsold-Clark 
30-inch refractor, of 46 feet focus; a Repsold-Merz 15-inch refractor, of 27 
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feet focus; and an astrographic equatorial by Henry. There are numerous 
smaller instruments, including a Freiberg zenith telescope. The astronomical 
library of the Observatory is one of the most complete in existence, and its 
treasures include the manuscripts of Kepler. It is to be hoped that steps had 
been taken before the German attack to remove these to a place of safety. 

The Poulkovo Observatory was an institution of which the Russians were 
justly proud, and men of science in all countries will share with them their 
grief at the damage it has sustained. 


AvURORA SEEN FROM SLEEPING-CAR AND ATLANTIC CLIPPER 


At the meeting of the Royal Astronomical Society held in Bur- 
lington House on October 10, 1941, one of those present was Dr. 
Theodore Dunham, Jr., of the Mount Wilson Observatory vm, on 
being invited, said: 


I should like to say that a large number of American scientists are attempt- 
ing to take part in the effort to win this war. Many of them feel that it is 
vitally important to think even now of the future, as well, and hope that the 
leaders and the people on both sides of the Atlantic will insist on the formation 
of some kind of federation of free peoples, strong enough to prevent the periodic 
recurrence of wars. 

With reference to the aurora discussed by Mr. Newton [just previously], 
I can say that I saw it at 2 a.m. on the morning of the 18th of September from 
a lower berth of a Pullman between Boston and New York. It was centred 
east of north, very brilliant and red in colour, and very active. On the evening 
of the 18th I saw it again from the Clipper when I was half-way across the 
Atlantic. At that time it was more uniform, with less motion. 


CAA. 


The Editor to the Secretaries of Centres 


In these serious and difficult days a special effort should be made 
to keep up the interest in the meetings. If reports of the proceedings 
be sent in without delay they will be printed as soon as possible, and 
will be of assistance in the good work. 
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THE ROYAL ASTRONOMICAL SOCIETY OF CANADA 
1890-1941 


The Society was incorporated in 1890 under the name of The Astronomical! 
and Physical Society of Toronto, and assumed its present name in 1903. 

For many years the Toronto organization existed alone, but now the Society 
is national in extent, having active Centres in Montreal, P.Q.; Ottawa, Toronto, 
Hamilton and London, Ontario.; Winnipeg, Man.; Edmonton, Alta.; Vancouver 
and Victoria, B.C. As well as about 700 members of these Canadian Centres, 
there are over 200 members not attached to any Centre, mostly resident in other 
nations, while some 300 additional institutions or persons are on the regular 
mailing list for our publications. 

The Society publishes a monthly JOURNAL containing about 500 pages and 
a yearly OBSERVER’S HANDBOOK of 80 pages. Single copies of the JOURNAL or 
HANDBOOK are 25 cents, postpaid. In quantities of 10 or more copies, the price 
is 20 cents a copy. 

Membership is open to anyone interested in astronomy. Annual dues, 
$2.00; life membership, $25.00. Publications are sent free to all members or 
may be subscribed for separately. Applications for membership or publications 
may be made to the General Secretary, 198 College St., Toronto. 


The Society has for Sale: 
Reprinted from the JouRNAL of the Royal Astronomical Society, 1936-1942. 


The Physical State of the Upper Atmosphere, (revised 1941) by B 


Haurwitz, 96 pages; Price 75 cents postpaid. 


General Instructions for Meteor Observing, (revised 1940) by Peter M 
Millman, 24 pages; Price 15 cents postpaid. 


Two Inexpensive Drives for Small Telescopes, by H. Boyd Brydon, 12 
pages; Price 10 cents postpaid. 


A. H. Young's Simple Mounting for the 6-inch Reflector, by 
Brydon, 16 pages; Price 10 cents postpaid. 


The Visual Photometry of Variable Stars, by H. Boyd Brydon, 64 
pages; Price 50 cents postpaid. 


A Yoke Mounting for the Six-inch Telescope, | vd Brydon, 
S pages; Price 10 cents post paid 


in quantities of ten or more copies, a discount of 20 per cent will be allowed. 
Send Money Order to 198 College St., Toronto. 
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